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: Individuals homozygous for an allele of (called the c2 variant) contains polymor-the CYP2E1 gene that is detected by phic base substitution sites in a region of
CYP2EI Genetic Rsa I digestion (c2 allele)were found to the gene that is not transcribed but that

.,.

::_:_i_i: Polymorphisms and Risk of have an increased risk of nasopharyn- appears to be involved in the transcrip-

i::i!i!iNasopharyngeal Carcinoma geal carcinoma (relative risk [RR] = tional regulation of CYP2EI expression.
2.6; 95% confidence interval [CI] = A study (12) has suggested that the vari-

::::i!ii in Taiwan 1.2-5.7); this effect was limited to non- ant form of the gene detectable by Rsa I

iiili smokers (RR = 9,3; 95% CI = 2.7-32) digestion is expressed at higher levels

/_i!:: Allan Hildesheim, Lucy M. and was not affected by alcohol con- than the wild-type form of the gene. Fur-_iill
_:: Anderson, Chien-Jen Chen, sumption. Conclusions: Our findings thermore, individuals with the variant

Yu-Juen Cheng, Louise A. suggest that the CYP2EI genotype is a form of the gene have been shown in

_ Brinton, Ann K. Daly, C. D, determinant of nasopharyngeal carci- some studies to have higher hepatic

Reed, l-How Chen, Neil E. noma risk. [J Natl Cancer Inst 1997;89: CYP2EI messenger RNA and protein
1207-12] levels and a greater ability to metabolize

i' Caporaso, Mow-Ming Hsu, acetaminophen, a drug metabolized in
ii Jen-Yang Chen, Jeffrey R. Idle, part by CYP2EI (13-17). Interestingly,
i: Robert N. Hoover, Czau-Siung Nasopharyngeal carcinoma is a rare tu- the c2 variant of the CYP2E1 gene has

iill Yang, Saranjit K. Chhabra* mor in most parts of the world, but occurs been shown to be present in approxi-
_ii! at relatively high rates in some geo- mately 20%-25% of Asians compared
:iii: graphic regions and among certain ethnic with fewer than 10% of Caucasians:!

i::i groups, with the highest incidence world- (3,18-22). Furthermore, detection of the
iii Background: Nasopharyngeal carol- wide being reported from southeast Asia CYP2EI c2 allele has been shown to cor-

!i: noma occurs disproportionately among (1). Numerous environmental factors relate strongly with the presence of the

....: individuals of Chinese descent. The ey- have been associated with risk of devel- rare "allele detectable by Dra I digestion

ii::: tochrome P450 2El enzyme (CYP2EI) oping nasopharyngeal carcinoma, includ- (C allele) (3,22).
_i_:i is known to activate nitrosamines and ing infection with the Epstein-Barr virus, Recently, we reported an association

:if::: other carcinogens that are possibly in- occupational exposure to formaldehyde, between the presence of the Rsa I c2 and

:_:: volved in the development of this dis- cigarette smoking, and various dietary Dra 1 C alleles of the CYP2EI gene and:::::

.... ease. Certain alleles of the CYP2E1 factors (2). Host factors, including human risk of nasopharyngeal carcinoma in a

_: gene are thought to be more highly ex- leukocyte antigens and cytochrome P450 study of 50 nasopharyngeal carcinoma
iii pressed than others, and their distribu- 2El (CYP2EI), have 'also been postulated
ii: tion varies between Asian and Cauca- to be important in nasopharyngeal carci-
..... sian populations. We conducted a case- noma development (2,3).

_: control study to investigate whether CYP2E1 is an enzyme involved in the *Affiliations of authors: A. Hildesheim, L.A.
_::: such variations affect the risk of devel- metabolic activation of various procar- Brinton,N. E. Caporaso,R.N. Hoover, Divisionof::ii!:

_i_: oping nasopharyngeal cancer, Methods: cinogens, including various low-molecu- Cancer EpidemiMogy and Genetics, NationalCan-
:_:_: Three hundred sixty-four patients with lar-weight nitrosamines, such as N- cer Institute,Bethesda,MD; 1,.M. Anderson,C. D.

Reed. S.K. Chhabra,Laboratoryof Comparative
_::_i nasopharyngeal carcinoma (96% of nitrosodimethylamine (NDMA) and the Carcinogenesis,NationalCancerlnstitute-Frederick
!;: 378 eligible patients) and 320 control tobacco-specific nitrosamine N-nitro- CancerResearch andDevelopmentCenter,Fredcr-

: subjects (86% of 374 eligible subjects) sonornicotine (NNN) (4,5). The CYP2EI ick, MD;C.-J. Chen, Y,-J.Cheng(Institute of Epi-were studied. A risk factor question- gene is expressed and is inducible in he- demiology.College of Public Health),J.-Y. Chen,

naire was administered to participants patic tissue (6). Studies (7-11) have also c.-s. Yang {.Instituteof Microbiology,College of
Medicine), National Taiwan University, Taipei:

*'::!:: to assess factors postulated to be linked demonstrated the expression of CYP en- A.K. Daly, J.R. Idle, GenoType Limited, New-

if:: to nasopharyngeal carcinoma. Periph- zymes in the nasal epithelium of numer- castle uponTyne, U.K.;I.-H. Chen,Departmentof
_i:: eral blood was obtained from all sub- ous animal species and humans. Otolaryngology,MacKay Memorial Hospital,Tai-

jects and DNA was purified from The CYP2EI gene is present in the pei;M.-H. Hsu, Departmentof Otolaryngology,Na-.

ili_ nucleated cells. A polymerase chain re- population in various polymorphic forms, tional Taiwan UniversityHospital,Taipei.Correspondenceto: AllanHildesheim.Ph.D.,Na-
:_:: action-based restriction fragment Polymorphisms detectable by Dra I and tional Institutesof llealth, Executive Plaza North,
!i_: length polymorphism assay that used Taq 1 digestion are not thought to affect am. 443, Bethesda. MD 20892. E-mail:
:ill the restriction enzymes Rsa I and Dra I transcription or function of the enzyme Hildesha@epndce.nci.nih.gov

_i_i_::: was used to detect wild-type and vari- coded for by the gene. In contrast, the See "Notes" following"References."
ii:::i: ant forms of the CYP2E1 gene. Results: variant detectable by Rsa 1 digestion © OxfordUniversityPress:-i_ :
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case subjects and 5Ocontrol subjects (3). National Caneer lnstitute and the National Taiwan ses. The median age of the case subjeets iiii::::
In this study, we have expanded our initial University. was 44.5 years (mean, 45.5 years; range, :iii!ii!i

For the 100 subjects reported on previously, DNA 15-.74 years); 69.8% of the case subjects _!iiii_;i!_study to include 364 patients with hasp- was isolated from peripheral bl_xxl mononuclear
pharyngeal carcinoma and 320 control cells (PB,MCs)obtained from whole blood and the were male. Cotnparable statistics for con- :i!ii_:;:

subjects. This was done to 1) examine our polymerase chain reaction (PCR)-basod restriction trol subjects were 45 years (mean, 46.0

!i

initial findings with greater statistical fragmenttengthpolymorphismassaywasperformed years; range, 19-74 years) and 69.3%
power, 2) determine the independent ef- as described(3). Theremaining subjectswerepro- were male. Ethnically, 81.6% of the case

cessod and tested as follows. Genomic DNA was subjects and 73.0% of the control subjectsfects of polymorphisms detectable by Rsa isolated from PBMCs as previously de_ribed (23).

I and Dra I digestion, 3) explore the effect Amplification of the desired polymorphic _quences were of Fukienese origin; 13.2% of the
of CYP2E1 polymorphisms on risk asso- wascarriedout by use of PCRwith thePerkin- case subjects and 11.0% of the control
ciated with exposures to nitrosamine- ElmerPCRkit (ThePerkin-ElmerCorp., Branch- subjects were of Hakka, Cantonese, or :_:_:;:::
containing cigarette smoke, and 4) con- burg.NJ).The total volume of 50 Ixl-,consistedof 10 Taiwanese (Aboriginal) origin; while the :_iiiii_

sider the effect of ethanol, a known mM125TrislxM(PHdeoxynucleoside=8.3), 50 n_ftriphosphate,KCl,1.5 mM0.2MgCI2,p_Mremaining 5.2% of the case subjects and
modulator of hepatic CYP2EI, on the primers, 2 U Taq polymera_, 0.4 Ixg TaqStart an- 16.0% of the control subjects were of
CYP2El/disease association, tilx_y (CLONTECHLaboratories,Inc..PaleAlto, other Han origin (P = .001). Of the case i_i;i_i:

CA), and 50-100 ng of template DNA. Primers were subjects, 42.6% reported less than a junior iiiiii_:

Methods identical to those u_d previously (3). Amplification high school education compared with ;::_::_::_:
was carried out for 30 cycles at 92 °C for 1 minute, _iii_i_!_i:::i

Patients with histologically confirmed incident 60oc for l minute, and 72°C for 2 minutes in a 31.4% of the control subjects; conversely, iiii!ii:
nasopharyngeal carcinoma were recruited over a 3V_. Perkin-Elmer Thermocycler. Twenty microliters of 40.7% of the case subjects and 50.2% of :iiiiii:
year period from July 15, 1991, through December the 410-base-pair (bp) and 995-bp products were the control subjects reported a high school ......

31, 1994, at two large referral hospitals in Taipei, di_ested with 10 U Rsa I (410-bp product) or Dra I education or higher (P for trend = .003). iilii!- :ilill

Taiwan: the National Taiwan University and (995-bp product) (Boehringer Mannheim Corp., In- Other factors found to be associated with _!_:_::.::

MacKay Memorial Hospitals. Case subjects were dianapolis. IN) restriction enzyme overnight at disease in our study or previous studies _:
eligible for study if they were tess than 75 years of 37 _C. The restricted product was run on a 10% pre-
age, had had no prior diageosis or treatment for cast Tds-Borate-EDTA nondenaturing polyacryl- and considered as potential confounders !i'i_il

nasopharyngeal carcinoma, and had resided in Tai- amide gel (Novex, San Diego, CA) at 100 V lbr 1.5 included consumption of Guangdong ii!:::

pei city or county for 6 months or longer. Three hours. Bands were visualized with an ultraviolet (Cantonese) salted fish during childhood _.iii:
hundred seventy-eight eligible ca_ subjects were transilluminator after ethidium bromide staining. (RR = 1.4; 95% CI = 0.47--4.5), a faro-
identified. Successful ganotyping was obtained for 364 of

For each eligible case subject, we attempted to the 369 case subjects and all 320 control subjects ily history of nasopharyngeal carcinoma ::if::
match one population control subject. Three hun- tested. A 6% masked, random sample (n = 42) of (RR = 7.7; 95% CI = 2.3-26), and ciga- !!i!i
dred seventy-four eligible control subjects were subjects were tested twice. The results were concor- rette smoking (RR = 2.1; 95% CI = 1.2- :_:_:ii!
matched to eligible case patients. Matching was ac o

dant for allmaskedduplicatesets. An additional 3.7 for more than 30 years of use relative
complished by use of listings available through the group of 10 samples were tested twice, the first time tO nonsmokers). ;_i_i
National Household Registration System. F,ach con- using the method described in our previous publica- q_e Rsa I c2 form of the CYP2E 1gene oi!'i
trol subject was selected by visiting the registry of- tion (3) and the second time using refinements de- !i.....

rice located in the district (if in Taipei city)or town- scribed herein to assure comparability. Results for was observed among our control popula- i::::i::!i:

ship (if in Taipei county) in which the c_se subject all 10 .samples were concordant, tion with an allele frequency of 20.5% i_i:

resided. Within these large geographic units, a ran- Allele and genotype frequencies were computed, compared with 22.3% among case sub- iii:i
dom Li (communities of 1000-1500 households The Pearson correlation coefficient was used to de- jects (P = .40). Similarly, the Dra l C iili::
within each district/township) was selected. From termine the correlation between genotypic variables
within the selected Li, a random Lin (neighborhoods (24_. The relative risk (RR), as estimated by the odds form of the CYP2E 1 gene was observed _:::iiii:i
of 50--100 households) was selected. Individuals ratio, was used to estimate the association between with an allele frequency of 23.6% among i!i:_
within the selected I,in were then enumerated and a genotype or environmental exposures and disease control subjects and 25.4% among case i_:

control who matched the eligible nasopharynge',d ,'25); 95%confideneeintervals(Cls)werecalculatod subjects (P = .64), Both Rsa I and Dra 1 :ii
carcinomacase subjecton age (5-year groupings) todeterminethestatisticalsignificance of findings alleles were found to be in Hardy- _':....
and sex w_s randomly selected. Control subjects (25). Multivariate analyses were performed by use Weinberg equilibrium. The distribution of ii!were required to have no history of nasopharyngeal of logistic regression methods (26). Stratified analy-

carcinoma before identification for our study, lneli- ses were conducted to examine the joint effect of the Rsa 1 and Dra I polymorphisms was

CYP2E1,smoking,and alcoholconsumption.The observed to be similar in the different i-::i:ilgible control subjects were replaced, but no replace-

ment was attempted for eligible control subjects who significance of trends across multiple levels of an Chinese ethnic subgroups included in our iili:
refused participation, exposure was assessed by categorizing the variable study (Fukienese, Hakka, Cantonese, Ab- iii!i

All subjects were requested to respond tea per- of interest and treating the scored variable as a con- original, and other Hall). ili:::
sonal interview that elicited detailed information on tinuous variable in the regression model. Statistical - ,!ii::

potential risk factors for nasopharyngeal carcinoma, significance of the observed interactions was deter- Case and control subjects are com- Zliiil
including soeiodemographic characteristics, ciga- mined by comparing the fit of the logistic model that pared with respect to CYP2E 1 genotypic ilii:

rettesmoking, alcoholconsumption, dietary history, includod only the main effects with that of the model variants in Table 1. Twenty-seven case iiiiI
occupational history, and a family history of cancer, that included separate estimates of risk tbr CYP2EI subjects (7.4%) and nine control subjects _i!i
Case subjects were interviewed prior to treatment, at genotype for each level of the effect modifier (e.g., (2.8%) were homozygous for the Rsa I c2 _:::::the time of their biopsies for confirmation of disease, smoking). ALlP values resulted from two-sided sta- !:_::::
In addition to the interview, subjects were asked to tistical tests, form of the CYP2EI gene; 30 case sub- i_i:

consent to the collection of approximately 30 mL jects (8.2%) and 14 control subjects iiii
blood. Three hundred sixty-nine case subjects (98%) Results (4.4%) were homozygous for the Dra 1 C iiil
and 320 control subjects (86%) gave verbal or writ- ::_:
ten informed consent for both the interview and form of the CYP2E1 gene. Those homo- .:::::::_'::_

_,_
blood collection. This study was reviewed and ap- A total of 364 case subjects and 320 zygous for the c2 variant were at a 2.6- :iii!i

proved by the Institutional Review Boards at the control subjects are included in the analy- fold increased risk of developing hasp- ii_iiil:
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Table 1. Frequency distribution among case and control subjects and relative risk associated with genotypic variants of CYP2EI detected by restriction enzyme

:ii::_::;i_::; digestion with Rsa l or Dra I

_:::::::': Frequency

;ii_iiii: Case subjects Control subjects Relative 95% confidence Relative 95% confidence

!(iiii!ii CYP2EI genotype (n = 364) (n = :,120) risk (1)* interval risk (2)f interval
:::::2:
:':'::: Rsa I

i el-el 229 198 1.0 1.0

el-e2 108 113 0.83 0.60-1.2 0.79 0.44-1.4
c2-c2 27 9 2.6 1,2-5.7 3.2 0.69-15

Dra l

ii!i!t!i::D-D 209 183 _.0 1.0
":_i!::ili::: 1)-C 125 123 0,89 0.65-1.2 1.1 0.61-1.9.....

!!_!_: C-C 30 14 1.9 0.98-3.7 0.81 0.20-3.3:,:.:.:

::_ililt_ '
_!i!ii_ *Controlled for age and sex.

:!;;_i tControlled for age, .sex, and the variables listed in the table (i.e., Rsa I adjusted for Dra I and vice versa).

,._:_ pharyngeal carcinoma (95% CI = 1.2- risk of disease (95% CI = 0.69-15). Con- 1.2-3.7). Smokers (defined as subjects
_i __

iiiii!i 5.7), while those homozygous for the C versely, adjustment of the Dra I effect for who reported smoking regularly for a pe-
::ili::ilvariant were at 1.9-fold increased risk of Rsa I polymorphisms resulted in an RR of riod exceeding 6 months) who reported

!iiiii!i developing disease (95% CI = 0.98-3.7). 0.81 associated with homozygosity to the 30 or fewer years of smoking were at
:i_ililiAdjustment for education, ethnicity, a C form of CYP2EI (95% CI = 0.20-3.3). similar risk to never smokers (RR = 1.2;

i//:i::: family history of nasopharyngeal carci- Given these findings, further analyses fo- 95% CI = 0.80-1.8). No effect on dis-
ii_ii noma, consumption of Guangdong salted cused on investigating the role of the e2 ease risk was observed for alcohol con-
iiiill fish at a young age, or smoking did not variant of the CYP2E1 gene on nasopha- sumption. Compared with nondrinkers,
::: ::

i::i:::i materially affect our estimates of risk. ryngeal carcinoma risk. those who reported drinking two times
_!_:ii Subjects heterozygous at the CYP2EI Io- Since cigarette smoking is an impor- per week or less and more than two times
:;2::"

_i_;_ cus (by either Rsa I or Dra I digestion) tant source of nitrosamine exposure and weekly had an RR of disease of 0.89
iiliii were not found to be at increased risk of alcohol consumption is known to modu- (95% CI = 0.56-1.4) and 0.92 (95% CI

iiiii!ii disease relative to those homozygous for late CYP2EI activity, we examined the = 0.58-1.4), respectively. No association
:iiii;ii the more common allele (RR = 0.83 for effect of these exogenous factors on dis- between alcohol consumption and disease

ii Rsa I cl-c2 and 0.89 for Dra I D-C). Pres- ease risk and the joint effect of these fac- was observed when the level of use wasenee of the c2 and C variants of the tors and CYP2E1 polymorphisms on ha- examined in finer strata.

0.iiiiiiliCYP2E1 gene was highly correlated (o't, sopharyngeal carcinoma risk. Smoking We observed a strong and statistically
i_::_i_i_i:= 0.85 among control subjects and 0.89 was positively associated with risk of ha- significant modification of the CYP2E1: iiiiiiiii:
!ii::i::iilamong case subjects). After adjustment sopharyngeai carcinoma, Those reporting effect by smoking status ('fable 2).
..........for Dra I polymorphisms, individuals ho- more than 30 years of smoking were at a Among never smokers, individuals homo-:!!_iiiiill

i mozygous for the c2 variant of CYP2EI 2.1-fold increased risk of disease corn- zygous for the CYP2E1 e2 variant were at

::_:: were found to be at a 3.2-fold increased pared with never smokers (95% CI = a 9.3-fold increased risk of disease rela-
:,ii::iiii_i
i_!i!iiiii: Table 2. Joint effect of CYP2E1 genotypic variants detected by Rsa I digestion and cigarette smoking/alcohol consumption on nasopharyngeal carcinoma risk

_#_!_i_ii"
' _:_:!:i:!:: c 1-cl c I -c2 c2-c2

i i -No. of case/No, of control Relative No. of case/No, of control Relative No. of case/No, of control Relative

_i_!ii!il_!i!i: Smoking subjects* riskt subjects* risk_ subjects* risk1"i I Nonsmokers 91/113 ] .0 61/53 1.4 22/3 9.3:[:
::i/i::_i_:::ii:J Smokers, y 138/84 2.3:]: 47/59 1.1 5/6 I. 1

:: :_._!;;i_:!:i::_15 32/27 1.6 14/13 1.3 2/1 2.4

,630 62/37 22, ,7,3, 070 084:: :.:ii >30 44/20 3.6_: 16/15 1.9 1/2 t).96

i Test for interaction: chi-squared = 23.44 (6 d]): P<.001i Nondrinkers 162/139 1.0 78/78 0.85 22/7 2.7:1:

Drinkers 67/58 0.96 30/34 0.73 5/2 2.1
-_2 times/wk 34/28 0.98 1,1/17 0.68 2/I 1.7
>2 times/wk 33/30 0.94 16/17 0.78 3/1 2.4

!:_:i:i:_;

Test for interaction: chi-squared = 0.25 (4 d3%/>.25

i II

*Two control subjects were excluded from analysis because of missing information on smoking history,
"t'Control ed for age and sex.

+-_'95%confidence interval excludes 1.0 (i.e., P<.05).
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_:,: tive to nonsmokers who were homozy- tion was examined (P>.25; Table 2). Ad- carcinoma pathogenesis of procarciuo-

: gous for the CYP2EI cl allele (95% CI justment for cigarette smoking did not al- gens known to be activated by CYP2EI.= 2.7-32). Conversely, among smokers, ter the alcohol/CYP2E1 findings. Our One such group of procarcinogens, nitro- _!i_

!ii,il there was no evidence that being homo- study size did not allow us to examine the samines, have previously been hypoth. _i_
!!i zygous for the CYP2E1 c2 variant in- joint effect on disease risk of consump- esized to be linked to nasopharyngeal i!i
_: creased disease risk, relative to smokers tion of salted fish or family history of na- carcinoma (2). Studies (27-39) have dem- :_,_:'i

!:i who were homozygous for the wild-type sopharyngeal carcinoma and CYP2E1 ge- onstrated an association between factors _

i : gene, although this was based on only five notype, known to contain nitrosamines and naso.-
case subjects and six control subjects who We also examined the effect of pharyngeal carcinoma risk, an increased

_, were both smokers and c2 homozygotes. CYP2E1 genotype separately for males (n ability of individuals residing in high-risk
i_ When we restricted our analysis to never = 476) and females (n = 208). A stron- areas for nasopharyngeal carcinoma to
::_ smokers who reported no passive smok- get association between homozygosity for form nitrosamines endogenously, and the

ing exposure in their household during CYP2EI c2 and nasopharyngeal carci- ability ofnitrosamine-containing t_ods to _i
iii_' childhood and adult life (n = 91), eight noma was observed among females (RR induce nasal cavity tumors in animals.
_:,, case subjects and no control subjects were = 17; 95% CI = 2.1-130) compared In addition to nitrosamines, CYP2E1 is

observed to be homozygous for the with males (RR = 1.2; 95% CI = 0.50- also involved in the activation of other
! CYP2EL c2 variant. Furthermore, among 3.1), but this effect was largely explained procarcinogenic compounds (5). The pos- +:_

these nonsmokers who reported no house- by the tact that the majority of males re- sibilit)' that the CYP2EI/nasopharyngeal
!_i hold passive smoke exposure, a signifi- ported a history of smoking (68.6%) carcinoma association results from the

i_il cant increase in risk among individuals while very few women reported having ability of CYP2EI to activate compounds
_:: heterozygous at the CYP2EI locus corn- ever smoked (6.3%). When sex-specific other than nitrosamines should therefore

_: pared with individuals homozygous for analyses were performed separately for not be overlooked. For example, CYP2E1
i!! the CYP2EI c2 allele was observed (RR smokers and nonsmokers, the results were is involved in the metabolism of haloge-
i:i:i = 3.9; 95% CI = 1.4-1 I). When the RR as follows. Excesses in risk of disease as- nated hydrocarbons, including organic
:!: of disease associated with cigarette smok- sociated with being homozygous for the
::i_i_ ing was investigated within strata of CYP2EI c2 variant compared with being solvents linked to the development of nu-_i_i merous tumors (40). In fact, results from a !i
i::iI CYP2E1 genotype, a dose-related effect homozygous for the wild-type allele were
iii!i of years of cigarette smoking was ob- observed for both sexes among nonsmok- recent study (31) suggested that exposure

:ii!i served only among individuals who were ers; the risk estimate associated with ho- to solvents may be associated with naso- _i
homozygous lbr the wild-type CYP2E1 mozygosity to the CYP2EI variant was pharyngeal carcinoma risk, although ex-

i gene. Among these subjects, risk in- 16-fold among females (95% CI = 2.0- amination of the independent effect ofcreased from 1.6 for those reporting 15 or 130) and sixfold among males (95% CI solvents in that study was hampered by

ii!_ fewer years of cigarette smoking (95% CI = 1.2-30). No effect of the CYP2E1 c2- high correlations observed between sol- l

ii:: = 0.82-2.9), to 2.2 for those reporting c2 genotype was observed among male vent exposure and exposure to other oc-
16-30 years of use (95% CI = 1.3-3.8), smokers (RR = 0.39; 95% CI = 0.11- cupational factors.

: _

!i to 3.6 for those who reported smoking for 1.4). Too few women reported a history A provocative and unexpected finding
more than 30 years (95% CI ----1.8-6.9), of cigarette smoking (n = 13) to enable of our study was the observation that the

: relative to nonsmokers who were homo- us to examine the effect of CYP2E1 ge- association between the CYP2EI c2 allele

:_ zygous for the wild-type form of notype on risk of disease among female and nasopharyngeal carcinoma risk was

:_::i CYP2EI. Among subjects homozygous smokers, limited to nonsmokers and that, among
:_ for the CYP2E1 c2 variant, a trend of de- nonsmokers who reported no household
!iii: creasing risk with increasing years of Discussion exposure to passive smoke, an effect was ......,

smoking was observed, but this trend was observed among individuals heterozygousnot statistically significant (P = .13). Results from this study confirm our at the CYP2E1 locus. Interpretation of

ii Similarly, no significant trend of increas- preliminary report suggesting an associa- this finding should be made with caution
:_ ing or decreasing risk with increasing tion between CYP2E1 genetic polymor- and requires confirmation. If confirmed,
i years of smoking was observed among in- phisms and risk of nasopharyngeal carci- however, several explanations exist. One
!,.

dividuals who were heterozygous at the noma (3). In the present study of 364 explanation for our finding is that tobacco

CYP2EI locus (P --- .59). Parallel results patients diagnosed with nasopharyngeal products have inhibiting effects that coun- _i_i_

were observed when intensity of cigarette carcinoma and 320 control subjects, an teract the effect of CYP2El-induced acti- : ::;_tismoking was examined, although the ef- RR of 2.6 was observed among individu- vation. In fact, a recent study (41) has i :-il

fect was not as striking, probably because als homozygous for the CYP2E1 c2 al- suggested that tobacco smoke constitu- i
intensity of cigarette smoking was not ob- lele. ents, including nicotine and cotinine, in. ii

• served in our study population to be as Since CYP2E1 is involved in the meta- hibit the activation of two nitrosamines : :i.+il
strongly predictive of nasopharyngeal bolic activation of numerous procarcino- present in cigarette smoke, NDMA and
carcinoma risk as duration of use (data gens (5), our finding of an association be- NNK, in a dose-dependent manner. It is
not shown). No effect modification was tween CYP2E1 genetic polymorphisms also possible that the effect of polymor- _i_::ii

• observed when the joint effect of and nasopharyngeal carcinoma also indi- phisms in the CYP2EI gene is more pro-
CYP2EI genotype and alcohol consump- rectly supports a role in nasopharyngeal nounced at low levels of exposure to ex-

:i
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:i:_i_!lli!i!!!:ogenous factors. Finally, it is possible that trosodimethylamine and formation of adducts (20) [ngelman-Sandberg M, Johansson I, Yin H,

iiii!_iii!_iii!_ii_i;_CYP2E1 might not be important for the with cellular DNA. Cancer Res 1992;52: Terelius Y, Elias.son E, Clot P, et al. Ethanol-

•_ii_i!i!_ii_i_i_activation of tobacco-specific nitrosa- 1796--800. inducible cytochrome P4502El: genetic poly-
:.::::::::: . (5) Koop DR. Oxidative and rednctive metabolism morphism, regulation, and possible role in the
_:_:_:_:_:_:_:_:_mines and that exposure to other procar-
:!:i:_:_:i:_:i:_ by cytochrome P450 2El. FASEB J 1992;6: etiology of alcohol-induced liver disease. AI-
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